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Abstract ; The calculatlon of non-point source (NPS) po"llutant loads; of nitrogen and phosphmus is the key step in preparing a polluuon
COHtI‘al plan This study modified the export coefficient model ‘by ‘taking into atcount the precipitation, slope, distance between
pollution Sources and water /bodies, and other relevantifactors: 'le_p-'NPS pollution load assessment method established in this study can
be appliedito data-scarce basins and is suitable for plateatrlake regions affected by terrain and precipitation. In this study, Chenghai
Lake, which belongs to one of the nine major plateau lakes in Yunnan Province, is selected for the case study. This study first verifies
the ratioﬁality of the improved export coefficient model based on actual observed values, and then utilizes the improved export
coefficient model to assess the loads of dissolved nitrogen (DN) and dissolved phosphorus ( DP) pollution. As indicated by the results,
in 2014, the loads of DN and DP into Chenghai Lake are 158.48 t-a™' and 24.70 t-a™", respectively. The maximum contributions of
DN and DP pollution load into Chenghai Lake are from agricultural cultivated land are 46. 19% and 48. 16% , respectively, in terms of
land use. The results present a relatively consistent spatial distribution of DN and DP that indicates that the south bank is a key area for
governance. Livestock and rural living are the main pollution sources influencing the load of DN and DP into Chenghai Lake and should
be prioritized for control. If the pollution from rural living, livestock, fertilizer loss, and land use can be effectively controlled, the load
of DN and DP into Chenghai Lake will be decreased by a maximum of 38. 47% and 40. 76% , respectively. The results of this study
suggest that the improved export coefficient model can be applied for study of the NPS pollution assessment of plateau lake regions and
can provide a theoretical basis for the NPS pollution control of the Chenghai Lake basin.

Key words : non-point source; Chenghai watershed; nitrogen; phosphorus; export coefficient model
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Table 2 Export coefficients of land use per year from the literatures
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Table 4  Pollution load of DN and DP into Chenghai Lake from land-use

DN DP
b N0 OB T e Gl mreaic GAORE G G
/t+(km?-a) 7! /tea™! /% /t+(km?+a) 7! /tra”! /%
F b 47.22 14. 83 0.22 10.21 17. 49 0.03 1.31 21.53
THEAR B 36. 10 11.34 0.13 4.79 8.20 0.01 0.36 5.87
LS 28.32 8.90 0.62 17.63 30. 19 0.07 1.92 31.49
A I 7.11 2.23 0.17 1.17 2.01 0.01 0.08 1.33
b 11.24 3.53 0. 30 3.34 5.72 0.05 0.52 8.58
7K H 20.03 6.29 0.39 7.87 13. 49 0.04 0.85 14.06
EER N 77.54 24.36 0.13 10.17 17.42 0.01 0.75 12. 41
pERilyiNii) 12. 40 3.90 0.14 1.73 2.97 0.01 0.13 2.10
el 3t 2.21 0. 69 0. 66 1.46 2.51 0.07 0.16 2.61
IR, 76. 14 23.92 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00

Mz Ta o3 A &, E R ™= A2 1% DN A1 DP A

HERE SR A FH [ 7 e R Y e A5 AR L P4 2 10

V5 G 7y 3 AR PR R A R R AL R, AR IR
ﬁ%ﬁ%ﬂ?ﬁﬁ(@ﬂ. m L AR R AR AR B
e B DX 3k, Al FH b 4 53] o 3 SR Lk FH B T AR
1 54. 87 % F119. 37 % ,iX b2 A 2 4 4k

oS S EAVY Y N I I = NS R (i R i |
XA
3.2 RIAEEME SR

FIFH b 300 08 AR A AR 6 RN B SR SR R A



13 Wrer LA R TR s RS e S AT A B B L T ) 5 83

30

=
=
o
]

DN i i fit/t-a™!

000000

S L] i A

3

[
o0
!

=]
T

DP i ff fit/ra™!

= 0.85
\

AR 7 LT

N
N
N
N
N
§

0

E7 REARXESTF ARRSERTENMAETE
Fig. 7 Pollution load of DN and DP into Chenghai Lake from land-use in different regions

BB, 4 IPPAG AR A2 1 R & & R4 £ 19 DN
F1DP AWTS Yt oy, 45 R ULIRT 8. ] LAAR 21, A p)
A IETS L P2 A2 B DN AL DP A TS G 17 1 43 1
32.61 t-a” ' f15.49 t-a™' | HFE I =LK DN A
DP A5 gL 6 fa 43 3~ 52. 58 t-a "1 8. 11-tea ™.
ERSRFE WA 2T DN AT DP AT YL G0 o1 ik
R R RFRE AL, R 5Tk 130, 18%

SEARUH T B | R TS K, BT TR AL

" 50

40 | %
. %
? 20 | &
10 | E
=
o —
F i MRt k(A
N & 5.11 .61 25.43 13.44
B b EiE 3.49 3.59 17.05 8.48

4 38.50% F131.32% . W= [a 534k, RAT A IG
ME B FEFH A/ DN F DP A5 Yy 1 ff 32 B4k
AR AL, ERRR LR LR bR
WAk 56.70%.H 22/63% iy N 116 T LI i 5k
56. 40% 1 21, 34% ()35 B FeAti ik, 1 1 T 8 BT A
ik S SRR LT
AR EFEE?T)\D %%?@Eﬁiﬁﬁ:ﬁﬁttjﬂ
P/ ,,\/\/ﬁﬁm%ﬁ*ﬁmﬂﬁw&.

8
N
2 | - E
N N E
0 — — —
%Rt [ 5 Jer
N &#&hH 0.81 1.23 3.99 2.08
B ek 0.59 0.60 2.87 1.43

B8 FEEFEMRHFETE DN F DP N#Fa7r
Fig. 8 Pollution load of DN and DP into Chenghai Lake from livestock and rural living

3.3 Z[S A HE
T GIS FIZS [8) 4 B AN G AR Bk | 75 31 37 38 Y
DN F1 DP A8 A 67 g £ 25 (8] 70 Al S o k%, 25 2R DL
1‘519 MR 5. NSRS AMMAER, 4 T DN A
TEYAAMIAE 1. 03 ~19.23 t-a ' Z B P3N, FHI{E N
5.48 t-a” ', MOAWIVG L faf Ky 158.47 t-a”' B F
) DN A5 9L i far e K, A 78. 46 t-a ™" STHR LB
H49.51% ,HoAh R0 7., 20 S A BTG et
ﬁiﬁdc Sy A 18.42 tea” ' 119.23 1!, 5H T
BAE YT B9 11, 55% A1 12. 06% ; DP [Y%5 (]
éﬁﬁ IR, 2 F I e AW TG G AT 7E 0. 15 ~

%5 A EIXIEH DN 1 DP N85 L Ham R TR
Table 5 Loads and contribution ratios of DN and DP

in different regions

DN DP
KB AWPNSRGOAT SuEkR O ABIVSRGRT STEkeR
/tea”! /% Jtea”! /%
Gl 78. 46 49.51 12.39 50. 16
b 37.08 23.40 5.93 24.01
R 21. 60 13.63 3.22 13.04
i 21.33 13. 46 3.16 12.79

2. 90t a” Z IS, EIME K 0.86 t-a™", BA W
Yefifai k24,70 t-a”' R A DP AWITS YL G iy



84 I A - - 39 %
N
DN A 1 i it/ A DP Wi i it/ta”!
[ 1.03-1.99 []0.15-0.30
[ 2.00-2.67 [] 0.31-0.41
[ 2.68-2.88 ] 0.42-0.49
B 2.89-337 B 0.50-0.70
Bl 3.38-5.07 Bl 0.71-0.97
Bl 5.08-621 B 0.93-1.28
Bl 6.22-10.76 129169
B 10.77-19.23 M 1.70-2.90
0 3 6 km

9 DN fl DP N#ii5 LG = E 57
Fig. 9 Spatial distribution of DN and DP pollution load into Chenghai Lake

AREE AL, M 12.39 t-a™", STHR HL BT 5 50. 16%
HARER 7, 20 5 A IS B R R, 4
2.9 tea” 1285 tea", 5 A WIS YL A 4 1Y
11.74% F1 11.54% . FRW W] LAA T, B /& DN
A DPABS R GITREIAIE
s a8 /A4 I,

S - “

4.1 | FHERE TS R s e

A AR B | R B, r"'ﬁmJ)%.u& |

AT AT DN FDP AT Yt 17, 47T LA

5], DN AHIT5 e (0 AF 24 158. 48 1-a ", DP AT
Y214 24.70 t-a~". JgitE—H43HF DN Al DP
AR T, L = iR FH 43 A 8 b P i 0 JH At - i ) FH
PSR, He b gl AL 5 K F L 5t A el s,
15 YRR AR FH AR R 2 2% DA B A B [ RS %, 4y
Mra R ULIE 10. AT LLE X DN BTk oK a5 4
V5 R & &5, ootk e ik 33. 18% 5 HKOMAAS
AT BORR LA g 20. 58% , Hifth + 3 A A L 40k
HiLE TR A7) 3500 9 18.98% | 17.22% 5 K L%
X} DN AT e B faf AH XS #8708, A 10..05% . FE
DP J5 Ifii, % & 3% 54 1 o7 ik L K SR B R,
32.85% ; MR A AR K A i, BTk L g3 0
22.21% 5 HF#TE G 2 LA R R oh 2 R 3 A K
e SECLYE H R oS R TP AT A9 DPATEITS
e £ guf R R 389, BT R L B R 20. 32% 5 -
T, HEAth -t R FH R A Ml b 3wk B 651 43 31)
M 12.61% F112.00% .

ZEAXTH DN Fl DP 1975 Yok 5 K ik e i), f

DA 1, % 8 FRAAAR A S DN AFDRA Y]
T Y B0 I T ok IR, B SRR K 4 B
66.03% F142. 79% I Flfe et s s, /7
AT R« = TR R e L, S
L X SR A R Mk o B A
i, K A BRI A DN DP A5 S 6128
ANTEEEAYR. A IR A + 3 FHXE DN 0 pP
9 AT R A7 SR LT AR 24, (L 1 o
- PR 5 2R 1 15. 96% 1 60.22%
TR, 4l M= A= 1 DN I DP A 75 e 47 75
B e v T AL, B B R A
L, — VA A 25 15 Y 0 I S M AR AR AT
SRS TS bR 26 - R 0 3 X R K
WO | R A AT IR LA — R I 8 A AR
FH, TA Y FH 0 b T BB R | EDRIE F , 3 1 2U
EE SR TR A, R LR 2 T AR AN B
FHEHRR , H e, 900300 Al FH - 4 3 S 4k 2
156.30 t-km >, Z AL FH &4 60. 02 t-km >, B HE
AIGAF] 75.04 t-km 7 i T EPEYE. AFPE
SENE , RN URIROK AR . oK 3, SR
SRR TP Ml 2 — | 4k 5K A 85—
AL T I P ol 2 7 v R ) 359 )
HJ30% ~35% ,WENEH 10% ~20% ) Jo HR KA
oA ESFR A R RIS, 22 B £ (8 R 2
SRR B G e, 1 A A Al T
P U5 e 70 030 MR 5. LA A 37. 3% 1R
Hi A A AT 15° 038 F8E DX 38, IR T 28U 5
FRAG. [ R T 16 0 A BL R 2 i K



14

Wrer LA R TR s RS e S AT A B B L T ) 5 85

KLk
A
20.32%

M NSNS L EF2
ﬁjmﬁﬂ ,,,,,,,,,,,,,,,,,,,,,,,
12.61%
o/ w
Folk i KL 32.85%
12.00%

B 10 #2iEFE DN 71 DP NS R A TR TME
Fig. 10 Source contribution ratios of DN and DP pollution load into Chenghai Lake

KT EX B EON R T 2 T R
K AU R E LA 150.1 km®, R A TE R Y
61.59% . FERERTY e 975 Qe JFOn O TP
VR T K 143 L R HE AKX — B
SR ER. -
4.2 AR AT R T RO o
HRA LR AP HTAE 5L, RSP DN il DP A
35 4 702G 85 F A RS B TE DA T 3 AN T,
ARRFAEE 5 K LSS i b SR G AR 4™
UK I A 5 % A SRR
%E%ﬁﬁ&ﬁ%ﬁ@ﬁ@ﬁzﬁm@vﬁ
HE. BV

2 18U 8
SRR SO LB Sl | AR B R TR

SR | b AR TG S ORI B

A ﬁaﬁ?‘rﬁiﬂ LR A AR B RN, 2%
SCHR[37 ] K AR TR B R 3 2 5 X R AR A
X X AE R X, R XA R X, FE i
DX AT 25 wp X A0 22 L 22 ) R 00X 32 L X
B IX. 2SI E 1.

HAAKTE  fr R4 X, L H B TR Sk
BB AREEAKE R, X WS & SOk [ 37 11— 2%
PR XS, BIRR I AR S B 32 17K 471 501 m7K
AELAMEKSEREES 100 m N, AR K 80. 56 km®, (5
TR AR 25.31% . B E A 4. 76 km® 7K
T T FAEUA 75. 80 km?, FEAALFE AR AN . 1556
DX IRV i 2505 e 0 v HL %) L X3, 2 S IR b
Al FH M AF X £ B DX, 95 K [ - AR R 80. 59
km? , 5 IR AR Y 25.32% . &5 X R X LAAE
) DX 3R, 2 3K A U 2R T P B DX, L H
TR AL IR AR SRBR IR A A PR 5 R E
AR 161. 92 km? | (5 J Bk ALY 50. 91% .

>z

o TR
25X
X
R

B BERSERREETERESX
Fig. 11 Non-point source pollution prevention and

control zones in the Chenghai watershed

HRAE 73 X 45 5, 4 A R[] DX V5 Y YRR A 42
HORTRI IR BRAS I , R4 TIR BRASCRXT He oy Bt , FH AR
SKIGHER A G HE. 26k F , Bl DN Fil DP A
W5 Y G Ao 3 B 6 1T U1 499 A = R 5 4 F AR AR
TRIGH BB R A IG5 Y G PE.

WA HEIE IR &SRS YR, LA 2014
RN P A, N A KRS R 5 AR 4R
SEXN AR SR, R 2. T9%0, TEBUIR % J8 4%
75, 51 2020 4E B R34 170 A, FE 2014 4 A1
MK 567 N St EECRE , 8 ak BUF & 0% 4 4
v B ST 3 PRI L 2 4 R RS I TR
FAT R —3th = ok VA A R S o TR, AR
AR RS T N AR A 16 RN 8 IR A TS YA BT 58
(St 45 IR R & LRI, X6 A b A 16 RN &



86 EZ

B 39 %

BREIGYIREA LT M R, FE—. H
10% WM& B FoH it ZS AR EE 5 2] 40% |, BT
T KA B R AR 5 B 60% |, Az % B Ak B AR 44 B
R R HIE 20% 1 F & R R FEE A HR
PEEE] 60% A2 16 V5 KA PR $E = B 75% |, A TS b
WAL PR 55 85%

T A SR AR RS IE . AR AL R i %
TRHE R R R K DL el M i A A S G
Y. GEFIREY, HI0E 30% A0 IENE T R s xt 4
FE 7 e s B = 52 0 5 A, sk P AR AR K R 7K
JEFE KRB, P AN 29 5 1 000 7T, H R MK A %
TR VEBE KON 2, B AT, BRI R UE % A TR 46
KB = 3 AVEY) R RIS TR, B es . A A A
%‘;@fa: o 1/5% ,%ﬁl‘fT{ﬁZzE,: %q&/\ﬂﬂjﬁﬂéﬁ/ﬂ
BT 1 000G A A7 #& i E)AF |5 000 ~ 10 000G LA . M
YRR A R 2 78 (4 4 R O B TR R
BTG BN (A BE DR AT B 3. R — K
Al AT IR 159% 5 CRE7IX N i L R £ 2
Sodi ki ; e XA E X A I S B A
FRHL. 758 Al T Hb i R 0 30% {4 X

M E’Jii&%’]ﬁﬁﬂﬂ&ﬁﬁ%f@ 5 P IX E%MP‘EE X 14 [

B fﬂﬂﬁﬁ%ﬂ VﬁtW@ﬁ%ﬁzﬂm
ﬁﬁ%&ﬁ%ﬁ

uﬁﬁaﬁ %%ﬂﬂﬁﬁiéﬁ%mﬁ@k
o R ﬁ%ﬁ)iﬂﬂm%%mmwﬁ%m,
s, it
%@ﬂ*mmwgﬁfkﬁm6ﬁraﬁﬁ%ﬁtﬁ
UéﬂraﬁFDNﬁDPMA@m%ﬁﬁﬂﬁﬁﬁ
ESHa e )

& BTSSR DN ORI DP A 75 4% 60 i 1) 06 175
SLULE 12, ATLVE 15 6 BRSO i B e &
IR AARR AT Y | bR S5 A B AR AR 5 2k

20 T E T —— T e

. B3X) 4 [X —@—DN,DP

1000
1 150
80

60 100

4 X f A ik /ra !
DN it /ea!

40
50

VIS T T T T T IS S
TS ITTIIITIIS

o
(]
wr
G
w
w

SHERE) R ﬁﬁ@ﬁiﬂtr

SeAT )7 S I, DN A DP AW T5 B 6 767 20 5] i 2
38M%ﬂM0%%.ﬁ*%FB%DNﬁDPAW
V5 Y T 43 BED 56. 29% F1 52.79% 5 I IX. DN
F1 DP A5 YL £ far 435719 70 32. 94% Fi1 36. 63% ;
21X DN Fl DP AW 75 4% 171 faf 43 501 9 /D 40. 84%
42.51%.

£6 BAESEE

Table 6 Typical scenario sets

f %%%gﬂﬁﬁ i%ﬂ%%ﬁm

A TG YR B AT i 2 v #E
0 R AR
1 KR~ AR
2 P S LR
3 AR E S
4 AR HE
5 HR T %E—
6 FE TR

ﬁ%%%ﬁmkﬁm%%ﬁﬂﬂﬁiﬁﬁ
mﬁT@DNﬂDFA@E%ﬁﬁﬁ%H*
25%%@%3Murmz)a~ﬁﬁimﬂm%
RILI SR F (A5 &) DN 1 DR AT 4

ﬁﬁ%mﬁmjmﬁmow% mmﬁé%@%
Eﬂﬁﬁ&&m ﬁm%gﬁ?iﬂﬂ%%ﬂm

4&HE¢m9€ﬁ%ﬂ§xﬁ5ﬁ Eiﬁ&ﬂ:ﬂﬁﬁﬂﬁﬁfﬁéﬁifﬁkthﬁﬁﬁk;
K AE T Wi%ﬂm%m%ﬁhgwﬁﬁ%
50% HA H ] 35 %ﬁ?kﬂmﬁuﬂ%%ﬁ?
O3 AR ARG 20 b DX PRCHE | e S5 - b R P 2
AU 2z i e BE i 2 j:i;t%ﬁk A AR R,
DRI AV B XE 55 £ BE SR TR, X b A IR Y 4y
AP —ERMERE. TN & & FR i AR A
AT 5 IR BIKE R O B, JCHOR & & AR A T G
TENWTS e i v A BRI LU R, HR AR BT
IKFZEMALE A B E TR RS & &
FEFE AT A 15 TS G it B A &y S, HL ISR e

20 30

420

DP A i fit/ta”!

K Bt ika!

10

VITSIISIS SIS
PTTIIIIIIIIIII S

T
.IIIIIIIIIIIIII
T
FFrrrrrryry.
TTITIOOII
(T

y 7777777777

S2 83
i 5t

w
=
wr
wr
=
w
wn
w
(=

E 12 AREST DN # DP N#is AT E

Fig. 12 Comparison of the loads of DN and DP in different scenarios
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